Motivation
The concept of sexual orientation received not only increasing public, but also academic attention in the past decades. While early scholarly proponents of research on sexual orientation often came from clinical psychology, public health research, and social psychology, the concept has been increasingly adopted by quantitatively oriented scholars from economics and social scientists alike. Sexual orientation is thereby acknowledged to be an important dimension of inequality, structuring societies at large and affecting individuals' lives comprehensively similar to the inequality dimensions of race, gender identity, age, and class. The emergence of the academic field of Queer Studies reflects this view that the concept of sexual orientation is multidisciplinary in nature. The cross-cutting nature of the concept as well as its relevance for various disciplines constitute the need for a measurement to become an established part of questionnaires in multidisciplinary surveys, similar to the other inequality dimensions.
The concept of sexual orientation is conceived of by many scholars as a durable sexual attraction to either the different sex (heterosexuals), the same sex (homosexuals), both sexes (bisexuals), or none of them (for an overview of the debates on the conceptualization of sexual orientation, see, for example, Williams Institute 2009; Haseldon and Joloza 2009; Moliero and Pinto 2015) . The term sexual orientation is thereby used rather broadly compared to the more specific concepts of sexual attraction ("I feel attracted to: : :"), sexual behavior ("I had sexual experience with : : :"), and sexual identity ("I am heterosexual, homosexual, : : :"). For instance, Geary et al. (2018) describe sexual attraction, behavior, and identity as subdimensions constituting sexual orientation (see also Chandra et al. 2013; Galupo et al. 2016; Wolff et al. 2016) . They show that these facets of sexual orientation do not fully overlap empirically, nor do they serve the same research interests: public health research may be interested more strongly in aspects of sexual behavior, clinical psychology may focus more on emotional attraction, and economics and social sciences more on the social identity aspect of sexual orientation.
While topical surveys often include multiple-item measures of different facts of sexual orientation in their questionnaires, the paucity of any survey items on sexual orientation in multidisciplinary surveys is astonishing. An inquiry of codebooks of the Inter-university Consortium for Political and Social Research (ICPSR) data repository suggests that in only 90 out of the 10,443 archived surveys, that is, less than 1%, do study descriptions include the key words "sexual orientation". Although alternative search terms, such as "lesbian" (525 studies), "gay" (1,873 studies), "bisexual" (356 studies), and "homosexual" (912 studies) lead to higher incidences, these studies often include items on the acceptance of sexual minorities in the general population, rather than identifying respondents by sexual orientation. Browsing these lists suggests that the larger the sample size and the broader the scope of surveys thematically, the less likely that they include measures of sexual orientation. Hence, researchers interested in utilizing existing social surveys, election studies, and census data for research on sexual orientation will either evade to smaller topical studies or they will draw on alternative strategies to identify sexual orientation in respondents.
One popular alternative strategy to directly probing sexual orientation is to indirectly infer an indicator of sexual orientation in existing multidisciplinary surveys from the reported gender-constellation of respondent's current and previous partnership(s). For instance, in household surveys (e.g., the Panel Study of Income Dynamics (PSID), the Survey of Health, Ageing and Retirement in Europe (SHARE), the Socio-Economic Panel (SOEP) -utilized in the present article -and Census Studies of the United States, as well as many other countries), researchers can draw on self-reported gender and the selfreported relationship between two respondents of a household in order to identify samesex and opposite-sex couples. Although the prevalence of empirical studies on sexual orientation using partnership-inferred measures of sexual orientation clearly varies across disciplines and is low in public health research and queer studies in general, it represents the predominant empirical strategy in other fields. Highly valuable research on poverty rates in sexual minorities, occupational segregation, and the pay gap between heterosexuals and homosexuals relies in large parts on partnership-inferred sexual orientation based on Census data and data from the General Social Survey, for instance (see an overview, Klawitter 2014) .
As survey-based research comparing heterosexuals with LGBs is often constrained to using gender constellations of partnership as a substitute for direct measures of sexual orientation, findings rely on the assumption of the functional equivalence of alternative ways to measuring sexual orientation. This article aims at comparing both strategies of measuring sexual orientation in survey-based research: a) self-reported sexual identity, and b) a partnership-inferred indicator of sexual orientation. For our analysis, we rely on Socio-Economic Panel Study data (SOEP), see Goebel et al. (2018) . The SOEP is a nationally representative longitudinal survey of about 15,000 private households in Germany with annual interviews since 1984. All members of the selected households aged 18 years and older are asked to participate in annual interviews. The SOEP consists of multiple subsamples in order to maintain a reasonable panel size and representativeness of the German population over time. In addition to general population subsamples, some subgroups are specifically boosted, including migrants (samples B and M) and families (sample L), see Kroh et al. (2018) . Moreover, new household members (e.g., new partners or grown-up children) are invited to join the study. To minimize attrition, individuals are followed even if a household splits or moves. On average, a respondent in wave 2016 already participated for 11 years in the SOEP (Min: 1, Max: 33, Median: 7).
The household structure of the SOEP permits studying partnership-inferred sexual orientation from its first year of interviewing in 1984. Moreover, in 2016, self-reported sexual orientation was surveyed for the first time by SOEP. More specifically, SOEP respondents report their sexual identity by categorizing themselves as heterosexuals, homosexuals, or bisexuals.
Before comparing both strategies of measuring sexual orientations in Section 4, we review the advantages and disadvantages of the two approaches separately. Section 2 discusses self-reported sexual orientation with a focus on measurement error issues. More precisely, we investigate mode and interviewer effects on self-reported sexual orientation and item nonresponse. Section 3 examines partnership-inferred sexual orientation and discusses potential measurement errors such as misclassification. Section 4 firstly investigates the extent to which the two strategies generate the same classification of respondents with respect to sexual orientation. Secondly, we examine differences in the sub-populations classified by each method across a variety of socio-demographics and traits. Finally, Section 5 summarizes the results and offers practical implications for researchers conducting or relying on surveys.
Self-Reported Sexual Orientation
Different items have been developed in order to measure sexual orientation by selfreporting (Sell 2007; Gates 2011; Wolff et al. 2016 ). In the following paragraphs, we will focus on the social identity dimension of sexual orientation. Reviewing the existing literature, the most common approach to obtain self-reports on the identity facet of sexual orientation in (large scale) surveys is to outright ask respondents whether they identify themselves as heterosexual, homosexual, or bisexual (e.g., Wooden 2014; Uhrig 2014) .
In the 2016 wave, for the first time, respondents of the SOEP were asked about their sexual orientation. The question is worded, "In the context of relationships, the question of sexual orientation arises. Would you describe yourself as...?" The available answers were "Heterosexual or straight (that is, attracted to the opposite sex)," "Homosexual (gay or lesbian, that is, attracted to the same sex)," "Bisexual (attracted to both sexes)," "Other," "Prefer not to say" and "No answer (nonresponse)". A similarly worded question is used by the UK Understanding Society Study (Booker et al. 2017 ) and the Australian Household, Income and Labour Dynamics Survey (HILDA, Wooden 2014). The explanations in parentheses were added, as earlier pretesting showed that the terms homosexual and heterosexual alone caused misunderstandings among some respondents. Table 1 displays the distribution of responses.
About 1.2% of respondents report identifying as either homosexual or bisexual. Applying cross-sectional weights, which compensate for the disproportionate sampling, as well as nonresponse , we estimate that the share of adults in Germany who openly identify as lesbian, gay, or bisexual is 1.9%.
The high number of answers avoiding self-categorization on the dimension of sexual orientation reported in Table 1 shows that, in line with previous research, the strategy of directly probing sexual orientation is not without problems.
A number of previous studies analyzing measurement error in questions about sexual orientation, for instance, showed that a particularly high number of respondents chooses to not answer the question at all (item nonresponse), either by outright refusing to answer or by selecting the answer "Other" (e.g., Jans et al. 2015) . This response behavior may reflect uncrystallised views on the self-identification, with sexual orientation on the one hand, and the perception of information on sexual orientation as sensitive on the other hand. Incorrect information may be provided intentionally by respondents in order to meet presumed societal expectations (social desirability bias, see Krumpal (2013) for an overview) and to obtain social approval (from the interviewer). Moreover, some interviewers may try to avoid a seemingly awkward interview situation by pre-quoting the item nonresponse option. Both social desirability bias and interviewer behavior point to the importance of contextual factors of the interview situation (e.g., Tourangeau and Yan 2007; Kühne 2018; Hilgert et al. 2016) .
In the upcoming section, thus, we investigate possible effects of the mode of data collection, and the interviewer, on response behavior to the direct question on sexual orientation in the SOEP. Our analysis aims to provide guidance for researchers who plan to collect data on self-reported sexual orientation of respondents in surveys.
Mode Effects
An important choice that researchers make in designing a survey is the mode of data collection. As a multi-mode survey, SOEP allows testing of the effects of interviewer- administered interviewing versus self-administered interviewing in surveying selfreported sexual orientation. In the SOEP, data collection is largely based on personal, face-to-face interviews. Since 1998, the SOEP has been gradually replacing paper and pencil interviewing (PAPI) with computer-assisted personal interviewing (CAPI) as the predominant mode of data collection. For instance, in the 2016 wave, 72% of the more than 24,000 respondents who were asked for their sexual orientation were interviewed by an interviewer face-to-face, with 90% of those interviews conducted via CAPI. The remaining 28% of respondents in the 2016 wave used a self-administered mode based on a printed or digital version of the questionnaire and without an interviewer present.
Numerous studies have shown that the mode of data collection is decisive for measurement error in survey questions (e.g., Dillman et al. 2009; Schwarz et al. 1991) . For instance, item nonresponse rates tend to be lower in interviewer-administered surveys. There are three main reasons for this. First, in cases where respondents have difficulties in understanding a question, interviewers can clarify questions and answer options, thus helping respondents to provide a valid answer. Second, interviewers may actively probe and argue in order to obtain valid responses (Kuha et al. 2014) . Third, many respondents likely perceive that not providing an answer is an undesired behavior in front of the interviewer because it runs counter to the main purpose of the interview of collecting valid information.
These advantages of face-to-face interviewing suggest that respondents are more likely to provide responses in interviewer-administered interviewing on the one hand. However, on the other hand, the privacy of the self-interview may have positive effects on measurement, as respondents may feel more comfortable divulging sensitive information on sexual orientation. Table 2 displays responses to the sexual orientation question across modes. 4.41% of respondents refused to answer the question by actively stating "Prefer not to say". With 5.40%, the share is higher in the Mail/CAWI (Computer-Assisted Web Interview) mode compared to interviewer-administered interviews (4.02%). Moreover, in the Mail/CAWI mode, 3.29% did not provide any answer at all (nonresponse). Missing information in the CAPI mode amounts to 0.38% only -most likely due to the fact that the interviewers manage the CAPI system and aim at low nonresponse rates. In total, 5.60% of all respondents choose to not provide a valid answer, with 8.69% in Mail/CAWI and 4.40% in the CAPI mode. Item nonresponse rates in nearby questions in the questionnaire are much lower, suggesting that the observed response behavior is specific to the question on sexual orientation and does not reflect a general tendency of respondents to not provide valid answers (e.g., as a type of satisficing behavior, see Krosnick et al. 1996) . The observed item nonresponse rate is quite high compared to other existing studies surveying sexual orientation (3.4% [Wooden 2014 ], 3.2% [Uhrig 2014 ], 2.78% [Frederiksen-Goldsen and Kim 2014], 0.93% [Dahlhamer et al. 2014] ).
The presence of an interviewer may not only affect the propensity of item nonresponse, but also the selection of valid answer options. In fact, socially desirable response behavior and impression management in interviewees tend to be more prevalent when interviewers (and others) are present (Krumpal 2013). Social desirability bias is shown to be most prevalent in questions that are perceived to be sensitive and stigmatizing (e.g., Tourangeau and Yan 2007), such as sexual orientation for lesbian, gay, or bisexual respondents. Some may experience difficulties in disclosing their sexual orientation to another person, particularly in cases where (parts of) the social environment, such as other household members, neighbors, and colleagues are unaware of the respondent's sexual orientation. Hence, we expected a lower share of respondents reporting an LGB sexual orientation in the interviewer-administered mode than in the self-administered mode, which is perceived as more anonymous. The results in Table 2 match our expectations, with 1.90% reporting a homosexual or bisexual orientation in the self-administered, compared to 0.92% in the interviewer-administered survey mode.
Related to this, an unexpected result is the large share of respondents choosing the answer category "Other" (7.10%). We initially implemented this category for respondents that do not identify as either heterosexual, homosexual, or bisexual, but prefer other forms of sexual self-categorization, such as asexual, pansexual, and queer. While there is no reliable population estimate of the number of, for example, persons identifying as asexual and pansexual available for Germany, Aicken et al. (2013) estimate the prevalence of asexuals in the UK at 0.4%. This is supported by results of the SOEP Innovation Sample in 2015 (see Richter and Schupp 2015) in which only 0.16% of over 5,000 respondents reported an asexual identity.
Hence, it is unlikely that the 7.10% of respondents who choose the "Other" category represent asexuals, for instance. Although follow-up write-ins for those who report "Other" have not been collected in the main survey, we surveyed this information in 2006 in a pretest of 1,057 respondents. Here, only eight respondents provided write-ins and none of them reported a queer sexual orientation, such as asexual or pansexual; rather, on the contrary, seven mentioned variations of "normal" and a single respondent wrote "I don't know these words". Hence, we interpret the high number of respondents reporting the "Other" category in most cases as an unanticipated form of item nonresponse to the sexual orientation question (including 'refusal', 'don't know', and 'does not apply').
In Table 3 , we report the results of multilevel logistic regression models with respondents nested in households and households nested in interviewers assessing mode effects on response behavior. Although interviewers do not actively collect information in the self-administered mode, they may be involved, nonetheless, in the process of contacting these households and thus promoting participation. Thus, we use the multilevel data structure with respondents nested in interviewers even for households with selfadministered interviews. Hierarchical regression modelling allows to address the 
Multilevel logistic regression with respondents nested in households and households nested in interviewers.
See Table A1 in the Appendix (Section 6) for a comparison of characteristics across modes.
hierarchical nature of the survey data at the level of respondents due to specifics of the sampling and survey design, and thereby improves the estimation of coefficients and their standard errors. We estimate mode effects on three outcomes independently. First, whether there is a valid response at all (yes/no) and, second, whether a homosexual or bisexual orientation is reported (yes/no), conditional on response, and third, whether "Other" is reported (yes/no), conditional on response. Please note that in the SOEP, the assigned mode is not randomly allocated across households and respondents. Thus, we add a number of potential confounding factors to each model. The most influencing factor of allocating mode is the predominant field work routine in a subsample of SOEP. For instance, from wave 2011 onwards, all refreshment and enlargement samples are exclusively interviewed in the CAPI mode. We control for predominant field work routine by adding a subsample identifier into the analysis. Other factors that correlate with mode in the SOEP are respondent's gender, age, and years in the panel. Moreover, we control for correlating household characteristics including whether another person was present in an interview, household size and geographic region in Germany. Finally, we control for current relationship status (yes/no). As an additional robustness check, we replicated our analyses for each subsample and separated for paper-and-pencil and computer-assisted mode. No substantial differences are observed. The first model estimates the effect of mode on response propensity (response versus item nonresponse). Compared to the face-to-face mode (reference), and in line with the results in Table 2 , the odds of providing a valid response in the self-administered mode are less than half of the odds in the interviewer-administered mode (Odds Ratio (OR) ¼ 0.38, p , .001). In addition, there are a number of other interesting results when turning to the respondent level characteristics. We find, for instance, lower response propensities for females and older respondents. Moreover, those currently in a relationship are more likely to respond. A possible explanation could be that some respondents understand the survey question as only relating to sexual orientation in a currently ongoing relationship, rather than general sexual orientation. This seems plausible, as the question was placed right after questions about family and relationship status.
In the second model, we estimate mode effects on the probability of reporting a homosexual or bisexual orientation given a valid response. Respondents participating via Mail/CAWI are associated with a 4.60 times higher chance (odds) of reporting a homosexual or bisexual orientation ( p , .001) rather than a heterosexual orientation or answering "Other". Again, the results match expectations for reporting a homosexual or bisexual orientation; respondents are much more likely to report sensitive and potentially undesired responses in the self-administered -and likely more private -interview mode. In addition, effects of respondent-level characteristics match expectations. The propensity of reporting a homosexual or bisexual orientation decreases dramatically with the increasing age of respondents. This is plausible, as older cohorts are less likely to openly identify and live as non-heterosexual. Moreover, the larger the household size, the less likely it is to obtain a non-heterosexual response. This is most likely due to the fact that
LGBs more often live in smaller households compared to heterosexual households. Note that our estimation is associated with comparatively large uncertainty, as only few respondents report a non-heterosexual relationship; as a consequence, the 95% confidence interval for the estimated odds ratio is comparatively wide.
In the third model, we estimate mode effects on respondents selecting the "Other" category as an answer. The odds ratio of respondents using the "Other" option in selfadministered versus interviewer-administered mode is estimated at 2.79 ( p , .001). Hence, in persons who do not explicitly refuse an answer on sexual orientation, it is much more likely that they choose "Other" when not being interviewed by an interviewer in person. Turning to respondent level characteristics, and matching the results of Model 1, female and older respondents are more likely to respond "Other".
The latter two models reported in Table 3 on homosexual and bisexual responses as well as the "Other" response option consider the first stage of the answering process, that is, refusal or response, to be uninformative for the second stage. It may very well be, however, that both stages of the response process are correlated. Heckman selection models allow modelling correlated residuals at stages one and two (Heckman 1976 , 1979 , Puhani 2000 . Estimating Heckman models (probit, not reported in the form of a table) suggest that the first stage of response versus refusal and the second stage of LGB response are only moderately correlated and thus, estimates of Table 3 are hardly affected by a change in model specification. However, the first stage of response versus refusal and the second stage "Other" option are positively and strongly correlated, suggesting that some respondents use the "Other" option as a substitute for directing refusing a response. Also, the Heckman specification suggests that the effect of self-administered interviewing turns negative for the "Other" option; most other estimated remain largely unchanged. The change of the direction of the mode effect suggests that interviewer-administered interviews increase refusals both in the form of direct refusals and in the form of the hidden refusal using the "Other" option.
To sum up, observing a valid response is more likely in face-to-face interviewing than in self-administered modes. However, more respondents are willing to share a nonheterosexual orientation in the self-administered mode compared to intervieweradministered interviews. The latter inflates the propensity of a hidden item nonresponse using the "Other" response option. This has implications for measuring sexual orientation in surveys. Our results suggest a strategy of relying on face-to-face interviewing in order to minimise item nonresponse, but to switch to computer-assisted self-interviewing approach (CASI) as a more private mode of interviewer-administered data collection.
Interviewer Effects
Some interviewers may generally be more efficient in obtaining valid responses than others. Thus, in addition to mode effects, we also investigate interviewer effects (see West and Blom 2017 for an overview) on the prevalence of item nonresponse and the selection of the "Other" category. As there are only 290 respondents that report a non-heterosexual orientation, and these cases are often clustered within households and interviewers, we did not investigate potential interviewer effects (intra-interviewer clustering) in LGB responses.
Consequently, in this section, we only analyze interviewer-administered interviews, which reduces the number of observations by about one third. On average, each SOEP interviewer conducts 68 interviews in wave 2016 (Median ¼ 59, Min ¼ 1, Max ¼ 207). Item nonresponse rates in the question on sexual orientation vary greatly across interviewers. For the upcoming analysis, we only analyze interviewers that conducted at least five personal interviews (416 interviewers). On average, an interviewer obtains 6% non-valid responses (Median ¼ 0.00, SD ¼ 13.74). While 59% of the interviewers do not collect any invalid information for the question about sexual orientation at all, many of the interviewer staff did, showing large variation with up to 100% item nonresponse rates (two interviewers; p 75 ¼ 4.30%; p 90 ¼ 16.67%). Turning to participants reporting "Other" as an answer, the interviewer-average amounts to 9% (Median ¼ 0.00, SD ¼ 21.74). Again, the majority of interviewers did not collect any "Other" answer (64%). However, there are 13 interviewers that exclusively (100%) obtained "Other" as responses (p 75 ¼ 4.35%; p 90 ¼ 26.67%). These 13 interviewers are slightly older and more experienced compared to the rest of the interviewer staff. They do not differ in terms of gender and education.
Are these differences across interviewers driven by characteristics of the interviewers or by respondent, household, or other confounding factors? We use the widely accepted intrainterviewer variance coefficient r int proposed by Kish (1962) to quantify interviewer variance in item nonresponse. Interviewer variance relates the interviewers' contribution to the total variation in a survey variable, resulting from the individual biases introduced by each interviewer. The more homogeneous the responses collected by individual interviewers, compared across interviewers, the higher the share of variance that is due to the interviewers. There is a large body of literature on measures of intra-interviewer correlation in survey variables (e.g., Groves 2004, 365; Schnell and Kreuter 2005; West and Olson 2010) . They show that interviewer effects are present across all survey topics and question types.
Multilevel cross-classified linear mixed models (see Rasbash and Goldstein 1994 ) are used to estimate the intra-interviewer variance for item nonresponse and the replying of "Other". These models acknowledge that respondents are nested in households and households are nested in a cross-classified structure of geographic areas (German counties) and interviewers. Using cross-classified models can allow separating interviewer from area effects, a general problem in many large-scale surveys as interviewers are allocated to a specific geographic area, that is, single or few sample clusters only. In these cases, estimated interviewer effects are likely confounded with area effects (Schnell and Kreuter, 2005; Campanelli and O'Muricheartaigh, 1999; Durrant and D'Arrigo, 2014) ; answers observed by a single interviewer may be more homogeneous not because of the interviewers' biasing effects on responses, but due to the homogeneity of individuals living in the same geographic area. In the SOEP, on average, each interviewer is assigned to five German counties (Median ¼ 5, Min ¼ 1, Max ¼ 17). In each county, on average, six interviewers are conducting interviews (Median ¼ 5,
Whether a respondent provides a non-valid, that is, missing answer (y/n), functions as the dependent variable in the first model. In the second model, and similar to the above analysis of mode effects, we estimate the probability of respondents replying "Other" (yes/no). Adding a number of geographic area covariates and respondent characteristics in our models further minimizes potential problems due to confounding with area effects. Controls include respondent socio-demographics (gender, age, education), current partnership status (yes/no), as well as area characteristics at neighborhood level (street type, age distribution, share of Turkish migrants, move turnout, socio-economic status), at municipality level (size, voting results of the 2013 German Federal Election, age distribution), as well as at county level (unemployment rate, share of foreigners, share of higher educated employees, share of students). The intra-class correlation for the interviewers is then derived as the share of the interviewer-level variance compared to the total variance that is decomposed into interviewer-specific variance, the area-specific variance, the household-specific variance, and the individual respondent residual variance.
The estimated share of variance in item nonresponse (yes/no) that is due to the interviewer is 0.43 (or 43%). Thus, almost half of the variance in item (non)response originates from the interviewer level. In other words, the interviewer largely influences the propensity of a respondent to provide a valid answer or not. A possible explanation is that some interviewers may feel uncomfortable asking the question because they perceive it as too sensitive, and thus, choose to not ask the question at all. With respect to the selection of "Other" as an answer, the interviewer variance is estimated even higher at 0.88%. Thus, almost 90% of the variance in choosing the other category can be explained by knowing which respondent is allocated to which interviewer. A possible explanation could be that some interviewers choose to not read out the answer option "Other" at all. On the other hand, some interviewers may even suggest to respondents to answer "Other" because they perceive other answers as being too sensitive. Moreover, some interviewers may just not read out the question at all and just answer "Other" for the respondent. While this clearly violates the interview protocol, it is usually not detected by fieldwork management as a) the response is not flagged as item "nonresponse", and b) there is no chance for inconsistencies in responses, since "Other" is compatible with any gender and partnershipconstellation. Finally, interviewers themselves may misinterpret the question as relating to a person currently in a relationship only.
Do specific interviewer characteristics explain the observed nonresponse rates? For instance, older interviewers may feel less comfortable asking about sexual orientation, thus achieving lower response rates. To test this, we add a number of interviewer characteristics into the models. This includes socio-demographics (gender, age, education), work experience, personality traits (Big Five, see McCrae and John 1992), as well as political attitudes. Table 4 displays the results of two multilevel logistic regressions. Although interviewers differ considerably in item nonresponse rates, few of the interviewer characteristics tested exert a statistically significant effect on the observed response behavior. Interviewers with many years of experience (21þ years) obtain more item nonresponse compared to interviewers with up to ten years of work experience (OR ¼ 2.82). Moreover, interviewers with a higher workload are more successful in obtaining valid responses (OR ¼ 0.43 and 0.37). In this regard, the workload itself likely does not have a direct effect on responses. Rather, the workload reflects interviewer skills and experience, as more experienced interviewers are usually given higher workloads. Older interviewers collect more "Other" responses (OR ¼ 1.09) while higher educated interviewers achieve less "Other" responses (OR ¼ 0.32, and ¼ 0.31). Finally, there is evidence that the interviewers' self-reported personality is associated with response: interviewers that describe themselves as comparatively extroverted are more likely to obtain "Other" as an answer (OR ¼ 1.61).
A Partnership-Inferred Proxy of Sexual Orientation
Presumably, the most frequent form of data that researchers apply to operationalizing same-sex and opposite-sex couples is the 'household grid' (or household-matrix). This grid, which is typically used in census surveys, enlists all residents of a household. The responding householder reports, among others, gender of other household members and their relationship to these persons (e.g., partner, mother, child). In some other cases, questionnaires include items on the gender of partners, irrespective of whether the respondent and the partner currently cohabitate. In addition, longitudinal household surveys (e.g., SOEP, PSID, and Understanding Society) provide not only information on current partnerships, but also on past relationships, as long as they fall into the period of observation. In principle, biographical questionnaires implemented in longitudinal, as well as cross-sectional, surveys allow an extension of this period to any prior partnership . However, a cursory search of partnership biographies in different surveys suggests that only in a minority of cases, the gender of the previous partner was included among the surveyed items. Conversely, in many questionnaires the introductory text presumes that partners are opposite-sex or restricts previous partnership to marriage, which in many countries excludes same-sex partnerships.
Prevalence of Same-Sex Couples
To provide an overview of the incidence of same-sex couples in the SOEP, Figure 1 compares the proportion of same-sex couples among all couples in the SOEP in 2016 with corresponding estimates from the 2015 German Microcensus (MZ), the 2010 U.S. Census, as well as cross-national estimates of the European Social Survey (ESS), pooling its 2002-2016 waves. The ESS cross-national estimates range from zero same-sex couples in the samples of Poland and Russia to almost 2% of all couples in Denmark. According to the ESS estimates, Germany is among the countries with above-average numbers of samesex couples in Europe. Figure 1 also displays sizable differences between surveys within Germany. While the 2016 German Microcensus reports only 0.46% same-sex couples and the German ESS samples 1.7%, the SOEP estimate is 0.9% of all couples in Germany.
Using Partnership Information as a Proxy of Sexual Orientation
Many surveys ask their respondents about partnership and (typically, binary) gender of the partner. This allows distinguishing between respondents not in a partnership, respondents in a partnership with a person of the opposite sex, and respondents in a same-sex partnership.
Researchers use partnership information to infer a proxy of sexual orientation in case a direct measurement is not available (Black 2000; Black et al. 2007 , Antecol et al. 2008 Leppel 2009; Klawitter 2011; Liu et al. 2013) . This holds true for many household surveys and censuses in particular. In these studies, partnership information is the only information available for analyzing the life of (parts of the) LGB population and comparing them (again, with parts of the) heterosexual population.
There are a number of measurement issues with regard to a partnership-inferred proxy of sexual orientation. Firstly, it does not allow a distinction between a bisexual orientation and a homosexual or heterosexual orientation. A respondent who reports being in a samesex partnership may be homosexual or bisexual, just like a respondent who reports being in an opposite-sex relationship may be heterosexual or bisexual.
Secondly, the strategy relates to couples only. Thus, any comparisons between the LGB and heterosexual sub-populations are restricted to those who state that they are currently in a partnership, which excludes singles and couples living apart together.
Thirdly, respondents may be in a same-sex relationship, but identify as heterosexual and vice versa. As sexual orientation is subjective, the adequacy of 'objective' (observable) characteristics and measures, such as current partnership, is generally limited. Thus, partnership information is a valid proxy for some individuals, but not for others.
Finally, reporting error in the -often complex -survey instrument can result in the misclassification of same-sex and opposite-sex couples. Cortina and Festy (2014) provide an overview of different sources of reporting error, as well as the presence of this problem in census data of different countries (see also Festy 2007) . Research on U.S. Census data shows that reporting error considerably inflates the number of same-sex couples. Kreider and Lofquist (2015) , for instance, identify misreporting by matching couples from the U.S. Census with Social Security Administration records. A sizable number of U.S. Census same-sex couples appear to be opposite-sex in administrative records. Lengerer (2017) , analyzing German Micro Census data, shows that item nonresponse in the household grid is a source of underestimation of the number of same-sex couples. DeMaio et al. (2013) , classifying household member names by gender, also find considerable mismatches between reported gender in the household grid and the name-based gender of household members. These studies also identify ways to minimize reporting error by adapting the data collection mode and questionnaire design, for instance (see also Lewis et al. 2015) .
Comparing Self-Reported and Partnership-Inferred Sexual Orientation
As previous research and this article suggest, both self-reported and partnership-inferred sexual orientation are potentially plagued by bias attributable to coverage, as well as (2018). The estimated prevalence of SOEP uses information on the gender constellation of cohabiting partners only. All estimates weighted applying cross-sectional weights. * 2010 U.S. Census (Lofquist et al. 2012). measurement. In the absence of information of the "true" sexual orientation of respondents, we are unable to compare the relative quality of both strategies directly. Thus, the following paragraphs provide some evidence on the extent to which both strategies lead to similar substantive conclusions about the differences between heterosexuals, on the one hand, and homosexuals and bisexuals, on the other hand. For the partnership-inferred proxy of sexual orientation, we not only use information provided in the SOEP wave 2016, but any partnership-information available in the current and previous waves 2011 to 2015, including partnership-biographies. With this approach, we aim to minimise the risk of misclassifications due to bisexuals incorrectly classified as heterosexuals. In this regard, we refrain from coding sexual orientation if there is only a single piece of information on an opposite-sex partnership. Thus, respondents were classified as LGB in cases where they report a same-sex partnership once in the waves from 2011 to 2016. They are classified as heterosexual if they report an opposite-sex partnership in at least two waves (and never report a same-sex partnership). As a consequence, for many respondents, a classification is not possible because they have not been in a partnership within the observation period (referred to as "no partnership information" in the following). Table 5 reports a cross-table of the number of SOEP respondents in 2016 classified as LGB by partnership-information, as well as their self-identification. Among the over 24,000 SOEP respondents who participated in 2016, on the basis of partnershipinformation, we categorize 153 as LGBs and 18,452 as heterosexuals (compared to 290 LGBs and 20,914 heterosexuals based on self-reported sexual orientation). In 5,682 cases (23%), no classification based on partnership-information was possible because a respondent has not been in a partnership over the last years. In comparatively few cases (747; 3%), a respondent provides a non-substantial answer and no information on current and previous partnerships.
As expected, for some respondents, the strategies of estimating sexual orientation lead to conflicting results. Thirty-two respondents out of more than 16,000, who self-report as heterosexual, were coded as LGB on the basis of partnership data. We analyzed whether these 32 cases are more recent additions to the panel, thus, pointing to the possibility that respondents may need more time to openly identify as Lesbian, Gay, or Bisexual in a survey. However, they do not differ significantly from the rest of the sample in terms of panel experience. Conversely, 66 out of 290 respondents, that is, 23%, who self-reported being homosexual or bisexual were coded as heterosexuals on the basis of available partnership data. As expected, the majority of these respondents identify as bisexual. Moreover, the conflicting classification results from the fact that both measures capture different aspects of sexual orientation. While the self-reports relate to the selfidentification and self-perception of each individual, the partnership-inferred measure reflects acting sexual orientation in relationships -and these aspects can, but do not necessarily match.
Rather surprisingly, only 111 respondents (102 lesbian/gay, 9 bisexual) have consistent information indicating homosexual and bisexual orientation both in partnership and in self-reported data.
What can we learn from these results for survey practice? First of all, the cross-table emphasizes the fact that each method is accompanied by measurement error. While self-reported sexual identity is associated with substantial item nonresponse, partnershipinferred sexual orientation faces problems due to the non-coverage of singles and potential misclassification of bisexual respondents. Second, for many respondents, we find one measure of sexual orientation to substitute missing information on the other measure. Turning to LGBs, in 113 cases, absence of partnership data coincides with homosexual and bisexual self-reports, while in ten cases, absence of self-reported data coincides with samesex partnership data. Using partnership-inferred sexual orientation may be used to fill in missing information in self-reported sexual orientation. Of the 3,083 respondents who either refused to answer or answered "Other", 2,336 respondents (76%) can be categorized as (likely) heterosexual or LGB, based on their present and previous partnership information. Thus, while some respondents (and their interviewers) may feel uncomfortable talking directly about their sexual orientation, in many cases, they are willing to provide information on the gender of their previous and current partners. Another plausible explanation relates to current relationship status; those currently not in a relationship were more likely to answer "Other" in wave 2016. However, they might have been in a relationship in previous years, thus, can be categorized based on past partnership information.
The cross-table also provides insights on the nature of item nonresponse in self-reports. The vast majority of respondents who provided a non-substantial answer when directly asked about their sexual orientation are classified as heterosexual based on their partnership information. Only one individual reported "Other" but is classified as LGB based on partnership information. Thus, refusing to answer or choosing "Other" seems to be a strategy applied by individuals in opposite-sex partnerships who either feel uncomfortable being asked about their sexuality or do not understand the question and terms (correctly). This is supported by our previous results on mode and interviewer effects on responding "Other".
In a next step, we had a look at potential consequences for applying one or the other measurement strategy when analyzing survey data, for instance, performing comparisons of LGBs and heterosexuals. Table 6 compares the distribution of demographic and socioeconomic characteristics across (i) respondents categorized as LGBs by partnership information; (ii) respondents identifying as LGBs by self-reports; (iii) respondents categorized as heterosexuals by partnership information, and finally (iv) respondents categorized as heterosexuals by self-reports. We only include respondents who report being in a partnership in the wave 2016. Please note that the four groups are not disjunctive, that is, in the case of two consistent measures of sexual orientation, respondents enter both (i) and (ii) or (iii) and (iv); but in the case of inconsistent (¼ conflicting) measures, respondents enter both (i) and (iv) or (ii) and (iii). Asterisks indicate mean differences between LGBs and heterosexuals at p , 0.05, that is, either between columns (i) and (iii) or between columns (ii) and (iv). We investigate whether there are significant mean differences based on one measurement strategy, but not the other.
The first -largely trivial -finding in Table 6 is that respondents whose sexual orientation was coded on the basis of current and previous partnership information are much more likely to currently live in the same household with their partner (85% and 97%). If we draw on self-reported sexual orientation, about 70% of LGBs and 88% of the heterosexuals cohabitate with a partner.
Based on partnership information, LGBs have higher employment rates (77%) than heterosexuals (59%). However, the division of labor in same-sex partnerships differs from opposite-sex partnerships, in that dual-income households are more frequent among samesex partnerships (Kroh et al. 2017 ). If we use the self-reported information, we do not find a significant difference in employment by sexual orientation (66% versus 59%) (for effects of the measurement on earning differences by sexual orientation, see Klawitter 2014) .
Turning to other characteristics, such as the distribution of gender, highest level of education, and political party identification, both strategies of measuring sexual orientation result in similar estimates. Compared to heterosexuals, not only do LGBs report university entrance degrees ("Abitur", German high school diploma) more frequently, but they also identify more frequently with the Green Party and less frequently with the Christian Democrats. While item nonresponse in self-reported sexual orientation is particularly high among respondents age 65 and older (see Table A2 in the Appendix, Section 6), missing information on the partnership-inferred proxy of sexual orientation decreases by age. This is because younger respondents often lack biographical information on previous partnerships and are still single. Thus, the age distribution of respondents with valid information differs considerably between measures of sexual orientation. In self-reported data, both heterosexuals and LGBs are considerably younger than in the partnershipinferred data. Hence, if differences between heterosexuals and LGBs are present in certain periods of the life cycle, but not in others, the choice of the sexual orientation measure also affects substantive estimates.
Conclusions
As diversity is an emerging topic in many Western societies and in politics, there is a growing need for data that empirically describes diverse forms of living arrangements, both from academic and public policy perspectives. For instance, EU institutions repeatedly advise member states to monitor the equality of LGBITQ* in various areas of life (see e.g., The European Parliament 2014, "Resolution of 4 February 2014 on the EU roadmap against homophobia and discrimination on grounds of sexual orientation and gender identity"). Exemplifying this trend, official statistics in several countries now report statistics by sexual orientation and gender identity. For example, the U.S. Census publishes data by sexual orientation (U.S. Census Bureau 2019), as does the UK Office for National Statistics (2019), the Australian Bureau of Statistics (2016), and the Federal Statistical Office of Germany (2019), to name a few. However, generalizability of research on sexual orientation is hampered by the lack of consensus on its operationalization. While most researchers presumably would agree that the measurement of self-reported sexual orientation is the preferred option the omission of this measure in many surveys constrains secondary data users to operationalize sexual orientation alternatively using proxy information on the gender of respondents' partner.
The most obvious limitation of this partnership-inferred proxy of sexual orientation is the exclusion of singles and partners living apart, as well as the misclassification of bisexuals. However, the present article shows that implementing self-reports of sexual orientation in surveys also comes with the potential of error. The analyses show that selfreporting is sensitive to mode of data collection and interviewer characteristics. Survey practitioners may choose to rely on interviewers to minimize item nonresponse, but implement the question about sexual orientation within a (computer-assisted) selfinterviewing module in order to minimize socially desirable answering behavior (see De Leeuw et al. 2003) .
Moreover, we illustrate that the partnership-inferred and the self-reported measures of sexual orientation may result in dissimilar conclusions about the differences between heterosexuals and LGBs. In particular, research linked to with characteristics of partnership, such as occupation, earnings, and social networks is to be interpreted with caution, as is likely to be contingent on the choice of measure of sexual orientation. Therefore, we strongly argue in favour of also collecting data on self-reported sexual orientation in multidisciplinary survey data to enhance the reliability and relevance of LGB research.
Based on our results, there are a number of practical implications when collecting and analyzing survey data on sexual orientation:
. Mode of Data Collection W With respect to mode selection, we recommend interviewer-administered selfinterviewing by, for instance, CASI mode. Our results suggest that the presence of the interviewer reduces item nonresponse and the privacy of the self-interview increases the prevalence of LGB identification.
W Question wording and placement need to make sure that respondents understand the question as not only relating to current partnerships.
W
Instead of providing a closed-ended "Other" response option in surveying sexual orientation, which seems to be used as a substitute for refusals by some respondents, we recommend using an open-ended response option with follow-up write-ins. . Interviewer Effects W The large interviewer effects reported in the article point to the necessity of extensive interviewer training. Interviewers should be specifically informed about the importance of the question and how to handle potential concerns, uncertainties and discomfort of respondents (and themselves). Also, interviewer monitoring during fieldwork may be used to identify interviewers who struggle with asking the question appropriately.
We suggest acknowledging interviewer effects in the analysis of the survey data by estimating multi-level regression models. This prevents researchers from underestimating standard errors and minimizes the likelihood of type 1 errors, that is, the rejection of a true null hypothesis. . Self-reported versus partnership-inferred sexual orientation W Wherever possible, researchers should obtain self-reports on sexual orientation rather than information on partnership constellation only. Self-reports allow to address the general population instead of the subpopulation of cohabitating couples, and they allow to classify bisexual (and e.g., pansexual) respondents. Also, from the perspective of research ethics, directly probing sensitive information, including an open-ended response option appears superior to inferring the information from other sources.
In case both self-reports and partnership information is available, we suggest combining both sources of information, for instance, by analyzing current and previous partnerships for respondents that refused to provide self-reports. In the case of the SOEP sample, combining both ways of measuring sexual orientation allows classifying 97% of all adult respondents as either LGB or heterosexual. Although partnership-inferred information used as a replacement for self-reported information may be marred by misclassification error, the combination of data lends itself for estimating the bounds or error. Alternatively, we may use partnership-inferred information and self-reported information with a large set of additional variables within a multipleimputation framework, replacing missing information. Again, the partnershipinferred information will be a strong predictor of sexual orientation and this approach lends itself for assessing the uncertainty of combining information. 
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